Abstract. The problem of the dynamic stability of a reinforced concrete plate armoured in two directions parallel to its edges is considered. To describe the viscoelastic properties of concrete, an integral dependence was adopted with an exponential kernel. The use of this dependence led to a linear differential equation of plate vibration. In addition to the creep of concrete, the work of the reinforcement was taken into account. The solution of the differential equation of vibrations of a plate in the form of a series with separated variables is considered, which satisfies the plate fastening conditions. Differential equations are obtained for the time function by the Bubnov-Galerkin method. The task was to find the main areas of dynamic instability. For this, the critical frequency equation was obtained. The influence of the coefficients entering into the equation of critical frequencies on the position of the main regions of dynamic instability is investigated.
Problem setting
Consider a rectangular plate loaded in its plane by forces uniformly distributed along the edges:
In [1] , the problem of the dynamic stability of a plate whose viscoelastic properties was described by a linear differential dependence was considered. This dependence is suitable for describing the creep of old age concrete. Consider a reinforced concrete plate armoured with a different amount of reinforcement in two directions parallel to the edges of the plate. Assuming that the stresses do not exceed 0.5 at compression from destructive and 0.9 at tension, for concrete the relationship between stresses and strains, if we consider the hypothesis of A.P. Rzhanitsyn [2] on the constancy of the coefficient of shortening ν, will take the form:
In these relations, the kernel is taken in the form of an exponential function:
where n -the relaxation time, E -the instantaneous modulus of elasticity, and H -the longterm modulus of elasticity. For the stresses of the reinforced steel we take the relations [3] :
In the bending equation of the plate [3] , adding the forces of inertia and forces (1), we obtain the equation of plate vibrations: 
Solution technique
The solution to this equation can be found by separating the variables: (5) to (4) and by utilizing the Bubnov-Galerkin method, an equation with alternating coefficients is obtained:
Ω is the frequency of the natural vibrations of the plate loaded by the forces N x0 and N y0 , N 1* and N 2* -the critical values of the forces N x0 and N y0 for their independent static action, μ is the excitation coefficient, χ is the dimensionless parameter, the magnitude of which is affected by η, from the characteristics of the reinforcement steel, ω frequency of natural oscillations of an unloaded plate. The coefficients of equation (7) affect its solutions, which can increase indefinitely and occupy regions on the plane
The main instability regions can be found [4] , looking for the solution of equation (7) in the form of a series with a period :
Substituting (10) into equation (7) showed that the interval of variation of η is from zero to unity. The formulas for γ, χ also include the quantity
Let us consider the influence of ζ 1 on the position of the instability regions. In Figure 1 , we construct domains for three values of ζ 1 for η=0.2 and β=0.2. A decrease in ζ 1 led to a parallel shift of the graphs along the p axis in the direction of decreasing frequencies. When studying the influence of η, we construct the regions of dynamic instability, taking ζ 1 = 0.833, β=0.2 and β=0.4, and η, depending The depicted regions are spaced from the p axis at some distance, which determines the minimum value of the excitation coefficient μ. With increasing η, this distance increases, which leads to an increase in the minimum value of the excitation coefficient μ, and in Figure 3 this occurs more intensively, since the constant load has increased. In addition, with increasing η, and, consequently, the percentage of reinforcement, the regions move upwards, towards increasing values p, which leads to an increase in the frequency of the periodic load, which can cause a loss of dynamic stability. It should be noted that as η increases, the distance to which the graph moves upward decreases. With increasing compressive forces, the decrease in this distance occurs more intensively.
Conclusion
The effect of the parameters of the kernel of a viscoelastic material of a rectangular reinforced concrete plate and the percentage of reinforcement on the position of the main region of dynamic instability is investigated. It was revealed that with an increase in the percentage of reinforcement with an unchanging constant component of the load, an increase in the minimum value, and, hence, in the amplitudes of the variable load components, is capable of causing a loss of dynamic stability. Recently, articles have been published in which new results have been reported on the investigation of viscoelastic properties of materials and the development of methods for calculating the corresponding structures [5-8etc.] 
